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InvestIgacIón
ABSTRACT
Background: (HSI) Hyperspectral Images contain 
high spectral resolution information, in hundreds of 
contiguous bands over a specific range of the elec-
tromagnetic spectrum. In science and industry, hy-
perspectral information is exploited by means of 
classification, anomaly and target detections algo-
rithms. Specifically, in the last two decades a wide 
variety of hyperspectral target detection algorithms 
have been proposed. However, an optimal target de-
tection algorithm with a remarkable performance 
over different kinds of targets and scenarios is still 
an active matter of research, due to the high spectral 
variability and diversity of real-world scenarios.
Aim: This work presents a comparative study of tar-
get detection algorithms in hyperspectral imagery 
applied to agricultural crops in Colombia for evalu-
ate performance in different scenarios.
Method: The evaluations were performed on 20 real 
HSI acquired by the satellite Hyperion sensor, and 6 
synthetic HSI with different noise levels. 5 synthetic 
targets were implemented; more than 115 spectral 
real signatures were extracted, 11 of those signatures 
were used as target in the testing process, allowing 
to characterize 5 agricultural crops of Colombian 
northeastern in 5 different areas.
Results: The results show that the Adaptive Coher-
ence Estimator (ACE) algorithm has a better perfor-
mance in terms of detection probabilities PD > 90% 
for different scenarios and targets of agricultural 
type, in both synthetic and real images.
Conclusions: In applications for target detection in 
HSI, it is critical to find an algorithm to have op-
timal performance for different scenarios and tar-
gets, due to the spectral variability generated by the 
geographical conditions countrywide. On the other 
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INTRODUCTION
Hyperspectral imaging (HSI) allows the spec-
tral characterization of materials or vegetation 
present on the surface of the Earth (Manolakis & 
Shaw, 2002). A HSI has radiance or reflectance in-
formation of the surface, which can be modeled 
as a dispersion of points in a K-dimensional Eu-
clidean space, where K is the number of spectral 
bands. Each band corresponds to a spatial axis. 
The axes are orthogonal to each other. Since each 
pixel in an HSI can be considered as a vector 
ݔ ൌ ሾݔଵǡ ݔଶǡ ǥ ǡ ݔ௞ሿ்  , which behaves as a “finger-
print” or spectral signature of the material at a spa-
tial point of the image. The spectral signature is an 
important element in classification, identification 
and target detection of algorithms (Ramírez, Ar-
guello, Arce, & Sadler, 2014). The purpose of a de-
tection algorithm in HSI is to detect a target within 
a HSI with the fewest false alarms (FA). During last 
decade, target detection algorithms have received 
a special interest in the scientific community (Bi-
oucas-Dias, and other, 2013). However, a detec-
tion algorithm that performs optimally regardless 
hand, this work shows that is possible the develop-
ment of new research fields and applications at the 
national level, taking advantage of hyperspectral im-
aging techniques for spectral detection, specifically 
for Colombian agriculture.
Keywords: Hyperspectral Imaging, Remote Sensing, 
Spectral Properties of Vegetation, Target Detection 
Algorithms.
RESUMEN
Contexto: Las imágenes hiperespectrales (HSI) con-
tienen información en alta resolución espectral, en 
cientos de bandas contiguas sobre un rango del es-
pectro electromagnético. Se ha tomado ventaja de 
la información espectral mediante algoritmos de 
clasificación, detección de cambios, de anomalías 
o detección de objetivos. Específicamente, en las 
dos últimas décadas han sido propuestos diferentes 
algoritmos para detectar objetivos en HSI. Sin em-
bargo, encontrar un algoritmo de detección con un 
desempeño óptimo para diferentes escenarios y ob-
jetivos, aún es materia de investigación, debido a la 
alta variabilidad espectral y diversidad de escenarios 
del mundo real.
Objetivo: La presente investigación realiza un estu-
dio comparativo de algoritmos de detección de ob-
jetivos en imágenes hiperespectrales aplicados a la 
agricultura colombiana.
Método: Las evaluaciones se realizaron sobre 20 HSI 
reales adquiridas por el sensor satelital Hyperion y 6 
HSI sintéticas con diferentes niveles de ruido. En el de-
sarrollo de la investigación se implantaron 5 objetivos 
sintéticos; y se extrajeron más de 115 firmas espec-
trales reales, 11 de ellas fueron usadas como objeti-
vo en la evaluación de los algoritmos, permitiendo la 
caracterización de 5 cultivos agrícolas del nororiente 
colombiano en 5 áreas de estudio diferentes. Los re-
sultados muestran que el algoritmo de Estimación de 
Coherencia Adaptativo (ACE) presenta un mejor des-
empeño con probabilidades de detección PD > 90% 
para diferentes escenarios y objetivos de tipo agrícola, 
tanto en imágenes sintéticas como reales.
Conclusiones: En aplicaciones de detección de ob-
jetivos en HSI, es crítico encontrar un algoritmo 
que presente un rendimiento óptimo para diferen-
tes escenarios y objetivos, debido a la variabilidad 
espectral generada por las diferentes condiciones 
geográficas de Colombia. Por otra parte, este trabajo 
permite mostrar que es posible realizar nuevas inves-
tigaciones y aplicaciones a nivel nacional tomando 
ventaja de las técnicas de imágenes hiperespectral-
es y algoritmos de detección espectral; específica-
mente en el sector de la agricultura colombiana.
Palabras Clave: Algoritmo de Detección de Objeti-
vos, Imágenes hiperespectrales, Propiedades Espec-
trales de la vegetación, Sensado Remoto.
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different scenarios and targets, is still researched, 
due to the complexity and diversity of real-world 
scenarios. Likewise, the high spectral variability 
difficult to predict signature spectral target in situ.
Detection algorithms and HSI are used in ar-
eas such as environment monitoring, mining, ge-
ology, soil and vegetation cover characterization 
(Camacho, Vargas, Rojas, Castilllo & Arguello, 
2015), specifically, in agriculture. Agriculture is an 
essential economic activity for humans. Optimal 
agricultural production requires precise measure-
ments of biochemical and biophysical character-
istics of crops. However, tasks such as mapping, 
monitoring, and data collection (on site) are ex-
pensive and consume large resources (costs, time, 
human, among others). The development of tech-
niques such as remote sensing and optical spec-
troscopy allowed significant improvements in the 
estimation of biophysical or biochemical variables 
in crops. Specifically, in Colombia, it is impor-
tant to have alternatives that allow acquiring in-
formation about the electromagnetic radiation that 
receives and reflects different crops (Armesto, An-
garita, & Lobo, 2015). On the other hand, Colom-
bia is doing research to enter in the space satellite 
with future developments. For instance, the con-
struction of a picosatellite called the CubeSat UD 
Colombia 1 (Salamanca, Castro & Grajales, 2012), 
opening the development remote sensing applica-
tions. In particular, the use of hyperspectral images 
satellite has been widely used to study the spectral 
behavior of vegetation.
HSI measure the amount of energy reflected 
by the plants along the electromagnetic spectrum 
(400 nm – 2500 nm) (Thenkabail, Smith, & De 
Pauw, 2000). Spectral signatures of vegetation al-
lows monitoring, tracking and controlling of crops 
health (stress by pests, diseases and nutrient de-
ficiencies) for large lands. It is possible to detect 
targets in HSI of crops by using spectral signatures. 
However, targets and background have a high 
level of spectral variability in agriculture. Specifi-
cally, Colombia is an agricultural country which 
has geographical landscapes with many different 
characteristics, different ecosystems, geographi-
cal reliefs and weather conditions, allowing to 
cultivate different crops that allows the evaluate 
performance of detection algorithms for different 
scenarios and targets of agricultural type.
This work makes a comparative study of tar-
get detection algorithms in HSI applied to crops 
scenarios in Colombia from images acquired by 
hyperspectral satellite sensor Hyperion. The test-
ed algorithms were: Adaptive Coherence Estima-
tor – ACE (Manolakis & Shaw, 2002), Constrained 
Energy Minimization – CEM (Chang et al., 2000), 
Matched Filter–MF (Manolakis, Truslow, Pieper, 
Cooley, & Brueggeman , 2014; Bioucas-Dias et 
al., 2013), Orthogonal Subspace Projection–OSP 
(Du, Ren, & Chang, 2003), Spectral Angle Mapper 
– SAM (Kruse, Lefkoff, & Boardman, 1993). For the 
evaluation of the algorithms (ACE, CEM, MF, SAM 
and OSP), a data set with 20 real HSI was used; 
additionally, synthetic images were created with 
different levels of noise (SNR = 10 dB, 15 dB, 20 
dB, 25 dB, and 30 dB); and 5 synthetic target were 
implanted. The synthetic target were created from 
the pure spectral signature of alunite mineral with 
different degrees of mixing (f= 10%, 20%, 30%, 
40%, y 100%).
For the selection of spectral signatures proce-
dure, more than 115 real spectral signatures were 
extracted, 11 of those signatures were used as tar-
get in the evaluation of algorithms, allowing the 
characterization of 5 crops of the Colombian north-
east, including oil palm, rubber, grass for grazing, 
citrus and sugar cane. This research is one of the 
first to be developed from hyperspectral satellite 
images, applied to Colombian agriculture, and it is 
the first in Colombia performed by using the Hy-
perion sensor to evaluate the performance of de-
tection algorithms with agricultural targets. For the 
acquisition of real HSI, it requested to the God-
dard Space Flight Center–NASA taking HSI on a set 
of five municipalities in Colombia. Hyperion ac-
quired HSI for the next five municipalities: Puerto 
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Wilches (PW), Rio Negro-Lebrija (RL), Mogotes 
(MG) and Guadalupe (GL), located in the depart-
ment of Santander, Colombia and San Alberto (SA), 
located in the department of Cesar, Colombia. 
The results show that the ACE algorithm has a 
better performance with probabilities detection 
PD > 90% for diverse HSI and agricultural tar-
gets, in both synthetic and real images, followed 
by CEM and MF algorithms that exhibit accept-
able performance with averages detection proba-
bilities PD = 80%. In contrast, the OSP and SAM 
algorithms are able to detect targets with average 
PD = 45% however, the number of false alarms (FA) 
is high and their performance decreases. Finally, 
this work shows that from the technological and 
scientific transfer, the use and application of HSI 
and target detection algorithms, it is possible to 
research in Colombian crops under specific vari-
ables and geographical factors.
METHODOLOGY
This section describes the conceptual framework of 
detection algorithms, the metrics used to evaluate 
performance, and the real and synthetic data sets.
Target detection algorithms in hyperspectral 
imaging
A detection algorithm seeks to detect in the pix-
els of a hyperspectral data cube the presence of a 
specific material (target). Theoretically, a detection 
algorithm is considered a problem of binary hy-
pothesis test, that determines whether a hypothesis 
about the presence of a target is true or not (Biou-
cas-Dias et al., 2013; Manolakis et al., 2014). Giv-
en an observed spectrum, the algorithm decides 
between the following two hypotheses:
 
�� ∶ ������	������  
�� ∶ ������	�������� 
Several target detection algorithms have devel-
op to provide better results. However, according to 
the way of modeling the spectral variability prob-
lem, there are two approaches, geometric models 
and statistical models (Manolakis & Shaw, 2002). In 
this work were selected five algorithms with the big-
gest number of scientific citations, according to the 
state of the art detection algorithms, to make a com-
parative study of the algorithms performance. These 
algorithms are: ACE, CEM, MF, OSP, and SAM. In 
the first group of algorithms, are ACE, CEM and MF 
which describe the background patterns statistically, 
the second group, are describe the background geo-
metrically, there are the OSP and SAM algorithms.
HSI detection algorithms must overcome diffi-
culties such as: (1) the size of images, generally, 
the number of pixels of a hypercube exceeds the 
order of 105, with the limitation that the estima-
tion of probability of false alarm PFA is less than 
10-4 by each hypercube; (2) the number of target 
of a type or class, in particular, a scene is often 
very small and limits the detection performance; 
(3) the ground truth is very limited for the over-
all scene, hampering the validation; (4) the exis-
tence of mixed pixels (subpixel) a pixel observed 
by the sensor can receive information of the target 
and background; and (5) the high spectral variabil-
ity, which is evidenced by the fact that a spectrum 
unique and fixed, theoretically perfect, does not 
exist for any material. The spectra observed from 
samples of the same material are not identical, 
even in laboratory experiments, due to variations 
in the surface of the material. The variability is sig-
nificant in Remote Sensing (RS) due to the weather, 
noise of the sensor, the composition of the mate-
rial, the location of the sensor and the sample, sur-
rounding materials, and other factors.
Adaptive Coherence Estimator (ACE)
ACE is derived from The Generalised Likelihood 
Ratio Test (GLRT), based on the assumption that 
the background covariance matrix is known.
 ������� �
���Γ�����
���Γ������������   (1)
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Where d is the target spectrum, x is the spectrum 
of the evaluated pixel, and Γ is the background co-
variance matrix. In equation (1) the ACE algorithm 
estimates detection statistics in a different way, and 
achieves a greater separation between target and 
background. In addition, ACE allows to set a con-
stant threshold of PFA. ACE provides a faster de-
tection of signature target based on comparisons 
between a spectral library signature, and the HSI 
spectral information. In previous study, the ACE al-
gorithm has offered the best performance against 
the other algorithms (Manolakis & Shaw, 2002).
Constrained Energy Minimization (CEM)
CEM is a filter with finite impulse response that 
slice through the desired target and minimize the 
energy of the resulting output generated by the 
background with the exception of the desired tar-
get (Chang et al., 2000), equation (2) describes the 
CEM algorithm. The covariance of the correlation 
matrix is used to characterize the composition of 
the unknown background. 
 ܦ஼ாெሺݔሻ ൌ ݀
்ડିଵݔ
்݀ડିଵ݀    (2)
where d is the target spectrum, x is the spectrum 
of the pixel to be evaluated, and Γ is the back-
ground covariance or the correlation matrix. CEM 
belongs to the algorithms based on a structured ap-
proach which uses statistics to describe the back-
ground, for this reason it is included in this paper.
Matched Filter (MF)
The Matched Filter and its different variations have 
been widely used in applications for targets detec-
tion in HSI (Manolakis, Truslow, Pieper, Cooley, 
& Brueggeman, 2014), equation (3.a and 3.b) de-
scribes the MF algorithm. MF is based on the bi-
nary hypothesis test.
 ܪ଴ ׷ ݔ̱ܰሺߤ௕ǡ ࢣ௕ሻܶܽݎ݃݁ݐܾܽݏ݁݊ݐ   (3.a)
 ܪଵ ׷ ݔ̱ܰሺߤ௧ǡ ࢣݐሻܶܽݎ݃݁ݐ݌ݎ݁ݏ݁݊ݐǡ   (3.b)
If it is assumed that the two hypotheses have 
equal covariance matrix, ડ௕ ൌ ડ௧ ൌ ડ , and that 
the selection of the normalization factor does not 
affect the performance of the MF. MF method uses 
the equation (4).
 ܦெிሺݔሻ ൌ
ሺ݀ െ ߤሻ்ડିଵሺݔ െ ߤሻ
ሺ݀ െ ߤሻ்ડିଵሺ݀ െ ߤሻ ,  (4)
Where d is the target spectrum, x is the spec-
trum of the evaluated background pixel, u is the 
vector containing the mean background, and Γ is 
the covariance matrix.
Orthogonal Subspace Projection (OSP)
OSP algorithm is the first designed a projector of 
orthogonal subspace to delete the response pixels 
non-targets, then, apply a filter of matched to find 
the match of the desired target within data. OSP is 
expressed in equation (5).
 ܦைௌ௉ሺݔሻ ൌ ݀
் ௎ܲୄ ݔ
்݀ ௎ܲୄ ݀ ,  (5)
Where d is the vector of spectrum target, x is the 
pixel to be evaluated, and ��� � ���� � ��#  is the 
orthogonal subspace, such that L is the number of 
bands, U is the matrix of spectra non-target, and 
�# � ���������  is the pseudoinverse of U (Jin, 
Paswaters, & Cline, 2009). The OSP is an algorithm 
that uses a structured background model to char-
acterize the spectral variability and it is the first 
geometric filter matched algorithm different from 
the previous algorithms used in this research.
Spectral Angle Mapper (SAM)
SAM is an algorithm used to determine how similar 
are two spectra, from the calculation of the angle 
between two vectors (target vector and pixel evalu-
ate vector). The SAM algorithm has lower computa-
tional complexity, lower computational cost, and it 
is faster than the other algorithms described above. 
It also does not require any statistical information 
from the scene (Kruse, Lefkoff, & Boardman, 1993). 
Any pixel in the HSI is treated as a vector with di-
mensionality equal to the number of bands of the 
A comparative study of target detection algorithms in hyperspectral imagery applied to agricultural crops in Colombia
CamaCho VelasCo, a., Vargas garCía, C. a., & arguello Fuentes, h.
Tecnura • p-ISSN: 0123-921X • e-ISSN: 2248-7638 • Vol. 20 No. 49 • Julio - Septiembre de 2016 • pp. 86-99
[ 91 ]
HSI. SAM may also be performed by matrix multi-
plication and is expressed in equation (6) as
 ܦௌ஺ெሺݔሻ ൌ ݀
்ݔ
ሺ்݀݀ሻଵ ଶൗ ሺݔ்ݔሻଵ ଶൗ    (6)
SAM is included in this work as a tradition-
al algorithm, it is compared with more robust 
algorithms.
Performance metrics for target detection 
algorithms in HSI
There are different metrics to evaluate the perfor-
mance of the algorithms of target detection, such 
as visual metrics, per pixel, confusion matrices, 
and ROC curves (Operational Characterization of 
the Receiver). The visual metric is a graphical rep-
resentation in two dimensions (x, y) the result of 
the detection algorithm. The representation shows 
a detection map where the brighter pixels (whites) 
corresponding to possible targets. The brightest out-
puts can be compared with the ground truth map 
to determine if the pixel was correctly classified as 
a target, otherwise it is a false alarm. The pixel-per-
pixel metric puts a label to each pixel as a target 
or background (background refers to any pixel lo-
cated in a scene that is non-target) for each output 
of the detector. This metric is simple and allows to 
quantify the performance of algorithms based on 
creating binary confusion matrix, it is composed of 
true positives (TP), false positives (FP), true nega-
tive (TN), and false negatives (FN). From these ma-
trices, true positive rate (VPR), false positive rate 
(FPR) and accuracy (ACC) can be estimated and 
related. Figure 1 illustrates the performance of an 
algorithm evaluated pixel-per-pixel. For a total 
of 100 pixels, Figure 1(a) shows the ground truth 
where the target is formed by 14 pixels, Figure 1(b) 
shows the result of the algorithm, and Figure 1(c) 
classifies each pixel output detector, allowing to 
quantify and give inputs for confusion matrices.
Finally, the most commonly used metric in the 
scientific community to evaluate the performance 
of target detection algorithms are the ROC curves. 
ROC curves plot the relationship between the 
probability of detection (PD) of the target and the 
probability of false alarm (PFA), thus determining 
the performance of an algorithm. An optimal al-
gorithm is one that manages to detect targets with 
high PD and low PFA.
Data sets
Hyperspectral Imaging Data and Ground Truth
For the development of this research the Hyper-
ion sensor acquired 20 real hyperspectral images 
Figure 1. Metric per-pixel: (a) ground truth, (b) result of the detector, (c) performance of the detector, and (d) 
quantification of the detector results.
Source: Own work
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between February 2014 and February 2015. The 
HSI were acquired on five municipalities locat-
ed in the northeast of Colombia, specifically in 
the Santander and Cesar departments. These Co-
lombian regions have different climatic and geo-
graphical characteristics, allowing acquire spectral 
information of various agricultural crops in differ-
ent scenarios. Figure 2 shows the location of the 
study areas and Table 1 summarizes the charac-
teristics and main agricultural crops present in the 
study areas.
Figure 2. Study areas. The red stripes correspond to the 
areas captured by the Hyperion sensor.
Table 1. Study areas, crops and main features
Id. Area Coordinates Geographical Characteristics Agriculture 
PW
Puerto Wil-
ches, Santan-
der,
Colombia
7° 15’ N,
73° 47’ W
The zone is characterized as having most of the terri-
tory flat, its temperature is hot and humid, the average 
is 33 °C, it has great rivers as the Rio Magdalena and 
the River Sogamoso. Its height above sea level (MSL) 
is 90 m.
Main crop is oil palms, located 
in the area southern, in the north 
corn and plantain grown traditio-
nally, also cattle pastures.
SA
San Alberto, 
Cesar,
Colombia
7° 41’ N,
73° 25’ W 
This area is very similar to the PW area, but this is 
south of the Cesar department, Colombia limits with 
the department of Santander. The lowest part of the 
municipality is located 50 MSL and the top is at a 
height of 2600 MSL the extreme west of the area.
Main crop is oil palms and cattle 
pastures (beef cattle).
RL
Rio Negro and 
Lebrija, Santan-
der,
Colombia
7° 14’ N,
73° 10’ W -
7° 00’ N,
73° 14’ W
The two municipalities are located in the center-east 
of the Santander department. The zone is characteri-
zed as having a broken topography in its relief, and 
having a tropical climate; varies from temperate or 
warm, depending on altitude, with an average tem-
perature of 28°C
Rio Negro is characterized by ca-
cao, coffe and citrus crops. Fur-
thermore, pineapple is the main 
crop in Lebrija.
MG
Mogotes, San-
tander,
Colombia
6° 28’ N,
72° 57’ W
MG is located in the southeast of the Santander de-
partment, Colombia. With the exception of the plain 
where is the urban area and some riverbanks and 
streams, the terrain is extremely rugged. With a hei-
ght of 1746 MSL. the average temperature of 18 ° C; 
in parts more high the weather is cold and north is 
warm in Mogotes rains a lot during the April, May, 
June, and October
Main crop is sugar-cane, There 
are coffe and cacao crops lesser 
proportion 
GL
Guadalupe, 
Santander,
Colombia
6° 12’ N,
73° 25’ W
GL is located in the southeast of the Santander de-
partment, Colombia GL has loamy and clayey soils 
with a medium to low fertility. Its soils are located 
in areas of subtropical wet forest and wet forest. The 
topography is 40% wavy, 30% plane and 30%. With 
an average height of 1397 MSL. The average tempe-
rature of 22 ° C
Due to soil quality is not exce-
llent for extensive agriculture, GL 
has small farms where there are 
several very small crops such as 
coffe, cassava and sugar cane. 
However, GL has areas covered 
with native savanna for cattle
Source: own work
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Synthetic data set and implementation 
fractionated targets
In order to have different criteria for evaluating per-
formance of the algorithms in this study, synthetic 
target were created from the pure spectral signa-
ture of alunite with various degrees of mixture (f= 
10%, 20%, 30%, 40%, y 100%). Alunite is a min-
eral which is not present in the study areas and their 
spectral signature differs from the signatures of ag-
ricultural target used in this research. Additionally, 
to simulate the behavior of the algorithms to real 
operating conditions of the system, white Gaussian 
noise was added. Finally, one synthetic HSI noise-
less and 5 synthetic HSI with different noise lev-
el were created with 10 dB, 15 dB, 20 dB, 25 dB 
and 30 dB. The noise being measured in terms of 
signal-to-noise ratio (SNR), the SNR corresponds 
to the rate of the signal energy over noise energy, 
mathematically defined as SNR= ௉ೞ௉೙  , the SNR can 
be expressed in decibels ����� � �� ����� 	������ .
The method used for the creation and imple-
mentation of targets within a HSI is based on creat-
ing a new target pixel dimp formed by a background 
fraction f and synthetic spectral signature fraction f 
implement, the implant pixel is expressed in equa-
tion (7).
 ࢊ࢏࢓࢖ ൌ ݂Ǥ ࢊ ൅ ሺͳ െ ݂ሻǤ ࢞ǡ   (7)
Where d is k x 1 vector, it contains pure spec-
tral signature alunite, its abundance varies from a 
fraction f, and mixed with the spectral signature of 
background x. In HSI, a 5 x 5 target grid with differ-
ent implanted fraction f = 0.1 (10%), f = 0.2 (20%), 
f = 0.3 (30%), f = 0.4 (40%), and f = 1 (100%) is 
generated for sub-píxel and full-pixel target. Figure 
3 shows the location of each implanted fraction 
f, in each target, similarly, shows the main firms 
within the HSI.
Extraction of spectral signatures and target to 
detect in real HSI
115 spectral signatures were extracted from HSI 
real data set, 11 were used as target in the ex-
periments assessment of the algorithms. The data 
set covers five crops of northeast Colombia (afri-
can oil palm, rubber, pastures cattle farming, cit-
rus and sugar cane). The spectral variability affects 
the extraction of the spectral signatures. In order 
to avoid spectral variability, 15 spectral signatures 
were taken from each selected crop HSI or sub-
area. Through the determination coefficient R2 es-
timate each signature spectral with respect to the 
average for all signatures, were removed the signa-
tures spectral with lower R2. Finally, 11 signatures 
are used as targets in the comparison of five detec-
tion algorithms.
Figure 3. HSI of the study area MG with implanted targets
Source: Own work
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RESULTS
Five target detection algorithms are compared in 
the experiments, using synthetic and real data-
sets. From the 20 images acquired by Hyperion, 
five were selected for the simulations, one for each 
area of study, shown in Figure 4. The results are 
analyzed and discussed by using different metrics, 
described in section 2.2. First, the results obtained 
with the synthetic data set are shown and then the 
results from the real data set.
Results with synthetic data
Results for noise-free synthetic data for 
implanted target detection
Implantation of targets with different levels of mix-
ture allows target detection algorithms to identify 
Figure 4. HSI selected for each study area (a) PW, (b) SA, (c) RL, (d) MG, y (e) GL
Source: Own work
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two types of targets. Sub-pixel targets for fractions 
f = 0.1, 0.2, 0.3 and 0.4, and full-pixel target for 
fractions of f = 1, ROC curves were used to evalu-
ate the target detection performance. Figures 5 (a)-
(d) show the ROC curves of the detection results, 
with a mix levels for sub-pixel targets. The algo-
rithms ACE, CEM and MF achieve the best perfor-
mance increasing the PD rate a 10% as the f target 
mixing level increases. ACE had the best perfor-
mance with a PD > 95% for all mixing levels.
Figure 5(e) shows the results for algorithms de-
tecting full-pixel targets. The ACE, CEM and MF de-
tect all the targets with a PD superior than 98%, 
and the ACE with a PD of 99.8%.
Results with synthetic noise data
Comparisons show that the performance of the algo-
rithms is affected as the noise level increases. Howev-
er, for sub-pixel targets the performance is stabilized 
with SNR ≥ 25 dB and full-pixel targets performance 
is affected only for SNR values lower than 20 dB. The 
algorithm with better performance using synthetic 
data, varying noise levels and signature abundance 
fraction is the ACE. However, the SAM algorithm has 
a stable behavior with SNR values exceeding 15 dB. 
SAM is not sensitive to the noise generated by spec-
tral variability (shades or variations in brightness) be-
cause SAM depends only on the spectral shape of the 
target and it is independent of the magnitude differ-
ences between the target and the background pixels. 
Another comparison with synthetic data, evaluated 
the performance of algorithms in terms of number of 
FA to different levels of SNR. Results are compared 
against the algorithms than detect the target with 
only one false alarm on the noise-free HSI. Figure 6 
validates the results obtained by the ROC curves, for 
SNR = 10 dB where ACE achieves the best perfor-
mance obtained a FA = 6, in contrast the SAM and 
OSP algorithms have the lowest performance with 
FA = 859 and FA = 576, respectively.
Figure 5. ROC curves for implanted target detection performance for noise-free HSI. (a) f=0.1 (b) f=0.2, (c) f=0.3, (d) 
f=0.4, and (e) f=1 full-pixel.
Source: Own work
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Results with real data
Performance result of target detection algorithms 
on real data showed that crops with a homoge-
neous behavior (similarity in height, state of the 
crop, foliage, etc.), such as African oil palm for 
the study area PW and SA, and sugar cane for MG, 
have a lower spectral variability, thus, allow bet-
ter performance of all algorithms. However, when 
the diseased african oil palm crops target is detec-
ted in PW, it is observed that the PD the CEM, OSP 
and SAM algorithms decreases below 40%, due 
to the high spectral variability of diseased crops. 
Another criterion for evaluating the performan-
ce of the algorithms in the study area PW was to 
quantify the number of FA to rates of PD 80% and 
90%. Table 2 shows the results validating the be-
havior observed in the outputs of the algorithms 
and ROC curves. Likewise is observed the large 
number of FA generated in the OSP algorithm to 
attempt to detect diseased palm plantations, OSP 
with a PD = 90% obtained 4.654 FA. Similarly, the 
superiority of ACE algorithm is observed with a 
number FA=0.
  Original SNR = 10 dB SNR = 15 dB SNR = 20 dB SNR = 25 dB SNR = 30 dB
CEM 1 89 26 13 7 5
ACE 1 6 6 5 3 1
OSP 1 859 236 57 12 1
MF 1 78 23 11 7 5
SAM 1 576 107 13 6 1
Figure 6. Number of FA at different levels of noise.
Source: Own work
Table 2. Number of FA against PD of 90% and 80% for target (a) oil palm crop healthy, (b) oil palm crop diseased, 
(c) rubber crop.
Algorithms / PD 90% 80% Algorithms / PD 90% 80% Algorithms / PD 90% 80%
ACE 0 0 ACE 0 0 ACE 0 0
CEM 15 20 CEM 71 166 CEM 36 14
OSP 199 624 OSP 4634 6997 OSP 632 1374
MF 15 19 MF 69 148 MF 31 64
SAM N.A N.A SAM N.A N.A SAM N.A N.A
(a) Number of FA, oil palm healty (b) Number of FA, oil palm diseased (c) Number of FA, rubber crop
Source: Own work
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The study area SA is similar to PW, the 80% 
of SA has territories with large flat areas cultivated 
with oil palm and pasture for cattle ranching. For 
SA, the algorithms were evaluated with a detection 
threshold based on the lowest output response be-
tween the pixels that make up the target. For the 
experiment, a map of ground truth was created tak-
ing advantage of the existence of an oil palm nurs-
ery located in the center of the scene, the nursery 
was selected as target and corresponds to 10 pixels 
in the HSI. Figure 7(a) shows the ground truth and 
target location; Figures 7(b)-(f) show the responses 
of each algorithm and confusion matrices.
In general the results show that ACE, CEM, and 
MF algorive optimum performance with accuracies 
ACC=1, in contrast, the OSP and SAM algorithms 
that are able to detect the target, however, the 
number of FP (false positive or false alarms) is 20 
and 148, respectively, this makes the false positive 
rate (FPR) increases and performance decreases.
On the other hand, the studied areas RL, MG 
and GL are opposed to PW and SA for containing 
a mountainous geography and temperate and cold 
climates, allowing the growth of crops such as cit-
rus, coffee, cocoa and sugar cane. However, the 
comparison process for algorithms in MG and GL 
had three limiting factors: (1) High clouds in the 
days of image acquisition, (2) the type of tradition-
al agriculture with smaller crops because much 
of the farms or cultivated land are smallholdings 
or farms where be more than five different crops 
grown in confined spaces. However, in RL there 
are areas of medium size with citrus crops, for 
MG a valley with large surface cultivated of sugar 
cane in different stages of development and growth 
was selected, in GL there are only few continu-
ous and large areas used for agricultural purposes, 
these corresponds to native savanna grasses, dedi-
cated to raising cattle, and the shadows generated 
by mountains on the scene and high clouds are a 
constraint that generates high spectral variability in 
the target.
It is observed that geography and size of the ar-
eas cultivate in RL, MG and GL directly affect the 
performance of target detection algorithms. The re-
sults showed that the algorithms have lower per-
formance, decreasing PD in 30%, when they are 
evaluated in mountainous areas and crops of small 
extension scenes.
Figure 7. Comparison of performance based on thresholds created the response of each algorithm. (a) Ground truth, 
(b) ACE, (c) CEM, OSP (d), (e) MF, (f) SAM.
Source: Own work
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Finally, the results show that the ACE algorithm 
has the best performance for different HSI and tar-
gets, both synthetic HSI and real HSI with PD ≥ 
90%, CEM and MF algorithms have an acceptable 
behavior with average of PD = 75% In an opposite 
way, SAM and OSP algorithms have the lowest per-
formance, with values of PD ≤ 40%, SAM and OSP 
are able to detect the target, however, the number 
of FA is high, decreasing their performance.
CONCLUSIONS
In applications for target detection in HSI, it is 
critical to find an algorithm to have optimal per-
formance for different scenarios and targets. This 
research is conducted on five scenarios with dif-
ferent geographies and climates characteristic of 
northeastern Colombia, allowing to compare the 
performance of the algorithms ACE, CEM, OSP, 
MF and SAM for target of agricultural type. Re-
sults show that the algorithms have a better per-
formance when they run on scenes that have flat 
areas, large surfaces, and equal targets (eg. Oil 
palm plantation in PW and SA, sugar cane crops 
in MG), the conditions as mentioned above al-
low to have homogeneous and shadows free 
scenes, therefore this spectral variability decreas-
es and target detection algorithms performance 
increase with a PD gain of 30%. The ACE algo-
rithm has the best performance for different HSI 
and targets, both synthetic HSI and real HSI with 
PD ≥ 90 %, due to the ACE algorithm being the one 
that best models the spectral variability of back-
ground and target. Additionally, it is possible to 
obtain a data set of real hyperspectral images of 
Colombian territory for introduction, appropria-
tion, and research on the use and application of 
HSI in agriculture, allowing the development of 
new research fields, processes, and applications 
at national level; specifically in agricultural crops 
under variables and factors exclusive of Colom-
bian agriculture and geography.
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